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SUMMARY 
d 
The objective of this program is to evaluate the use  of thin electrodeposi - 
ted films of calcium and magnesium hydroxides a s  separators  in s i lver  - 
cadmium cells. Potential gains to be made with the successful development 
of these separators a r e  increased thermal stability at elevated temperature 
and a reduction in  si lver migration. 
4 
During this quarter the work was continued on studying the effect of 
processing parameters on deposition rate and film properties a s  well as con- 
ducting preliminary tests with cells to determine the effect of sterilizing 
coated electrodes at  145 C. The process studie%showed that over the range 
of current densities investigated (200- 1000 ma/in ) the calcium hydroxide 
films a r e  more adherent and uniform than the magnesium hydroxide films when 
using an electrolyte concentration of 70 g / l  of the respective acetates for 
coating. Improvements in  the uniformity and adherence of magnesium hydrox- 
ide films were obtained by increasing the magnesium acetate concentration to 
approximately 450 g/l .  
- 
0 
Sterilization tests on calcium hydroxide coated silver electrodes show 
thatothe electrodes can be sterilized for at least  two periods of 40 hours at  
145 C without significant loss of coating. Charge-discharge cycling tes t s  
after sterilization show that some of the electrodes develop their  nominal 
capacity in three to four cycles when charged at c / 5  rates  and discharged at 
c / 2 . 5  rates.  Unsterilized coated electrodes, in all cases  tested, developed 
their  nominal capacity within two to three cycles under s imilar  conditions, 
Retention of the coatings after short  term cycling ( 6  cycles) and sterilization 
in most cases was good. 
1 
- 
1. 0 INTRODUCTION 
I 
This report covers the work done during the second quarter of a 12-month 
program to evaluate the use of thin electrodeposited fi lms of calcium and 
magnesium hydroxide a s  separators in silver-cadmium cells. 
advantages to be gained in using these separators a r e  an increase in chemical 
stability of the cell separators at elevated temperature and a reduction i n  
silver migration. 
The potential 
The objective of the program is twofold: first,  to determine the effect of 
process parameters on the thickness, porosity and adherence of the films on 
representative silver and cadmium electrodes, and second, to evaluate the 
performance of these films in single cells in te rms  of electrolyte retention, 
internal c ell r es i st anc e , charge - discharge char act e r i  s t  ic s ,  control of silver 
transport, and stability at  elevated temperatures. 
. 
During the second quarter process studies were continued to determine 
the rates  of film deposition for both calcium and magnesium hydroxides on 
discharged silver electrodes. 
electrolyte concentration and deposition time, all at ambient temperature. 
Coating characteristics determined were weight gain, coating thickness, and 
resistance increase contributed by the films i n  31 percent by weight potassium 
hydroxide solutions. 
periods of forty hours and were then fabricated into test cells to evaluate the 
electrochemical performance obtained compared to unsterilized coated electrodes. 
Parameters investigated were current density, 
Coated silver electrodes were sterilized at 145OC for 
2 
* 2.0  DISCUSSION OF EXPERIMENTAL RESULTS . 
The emphasis during the second quarter was on a study of the parameters 
affecting the deposition process for both calcium and magnesium hydroxides 
and the continued evaluation of sterilized and unsterilized coated electrodes 
in tests cells. 
2. 1 Process  Parameter  Studies 
2.1. 1 C alcium Hydroxide 
F o r  the calcium hydroxide coatings the effect of current density over the 
range of 200-1000 ma/in2 were investigated using two electrolyte systems. 
The electrolyte in one case consisted of a solution of 70 g / l  of calcium acetate 
saturated with calcium hydroxide from which the excess solid calcium hydrox- 
ide w a s  filtered. The above electrolyte w a s  used for one coating run and then 
buffered with one gram of calcium hydroxide for  the second coating run. Fresh 
solutions were used for each coating t ime at a given current density. 
intent of these experiments was to determine i f  the depletion of calcium ion and 
shifting of pH of the solution was a significant factor in a given run. 
volume of solution used in  these tests was one liter. The silver electrodes 
used in the coating experiments were from Yarney Model YS5(50-4 "Silcal" 
cells. Unless otherwise indicated the electrodes were cut in half for  these 
tests and had nominal dimensions of 13/16 by 1 1 / 2  inches. 
The 
The 
The general procedure for coating was the same as described in the f i rs t  
quarterly report except for  the following change. F o r  a given current density 
and coating time a f resh volume of electrolyte was used. After the f i r s t  run 
was made, one gram of calcium hydroxide was added to the electrolyte pr ior  
to making the second run  at the same conditions. 
The results of these runs comparing weight gains, film thicknesses, and 
resistance increases a re  shown inFigures 2 . 1  through 2 . 4  The numerical 
data for these figures a re  summarized in Appendix A. The effect of the solid 
excess calcium hydroxide in the electrolyte did not appear to be significant at 
short  coating times. 
that buffering with calcium hydroxide improved th coating process efficiency. 
At the lower current densities (200 and 400 ma/ in  ) the deposition efficiency 
decreases  and reproducibility of coatings and uniformity is poorer compared 
to the higher current densities. 
At the longer coating times there was some evidence 
5 
The greatest source of variation is found in the 1000 cps resistance gain 
values. 
used was to f i rs t  measure the total resistance of the uncoated electrodes in 
a cell  containing 31 percent by weight potassium hydroxide against an inert 
eiectrede at three fixed separations "vetw-eeii the electrodes, 0. 5 ,  i .  0, and 
1. 5 inches. 
These measurements a r e  made with a 1000 cps bridge. The procedure 
These values were extrapolated to a separation distance of zero,  
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to give the effective resistance of the electrode structure electrolyte inter- 
' face. This measurement and extrapolation procedure w a s  repeated on the 
coated electrodes. 
difference in the extrapolated values at zero separation before and after coating, 
The resistance gain values plotted in the figures is the 
The uncoated electrodes show considerable variations in values ranging 
from 0. 07 to 0 . 2 1  ohms for plates of 13 /16"  x 1 1/2" .  
extrapolated resistance values obtained after coating were lower than the 
original uncoated electrode resistance value. 
of the uncoated electrodes appears to be dependent on the penetration of the 
electrolyte into the pores. 
(several hours) show that within a few hours the readings approach a stable 
value. 
In some instances the 
Pa r t  of this variation in the case 
Measurements taken over various periods of time 
The uniformity of these coatings based on microscopic observations and 
micrometer thickness measurements is good. 
good. 
The adherence qualitatively is 
No quantitative adherence tests have been performed. 
In view of the variability in resistance values it appears desirable to in- 
vestigate this a rea  in more detail. 
trodes through one o r  more charge-discharge cycles noting the effect on 
resistance change and also for improved consistency on subsequent coating. 
A fur ther  area of study should include the deposition of films on charged 
electrodes to compare adherence as well as resistance values. 
One obvious approach is to work the elec- 
2. 1 . 2  Magneisum Hydroxide 
For the magne'siunrr hydroxide coatings additional runs were made to 
determine conditions which would yield more uniform and adherent coatings 
than were obtained in the first quarter. 
grams per  l i ter  of magnesium acetate was used in the f i rs t  se t  of runs. Over 
the range of current densities from 25 to 200 ma/in2 
buildups were obtained with coating times of 30 minutes. 
excess magnesium hydroxide did not make any appreciable difference in the 
results. 
coverage of the electrode surface. 
An electrolyte concentration of 70 
negligible film thickness 
The presence of 
What coatings that were obtained were poorly adhering and spotty in 
The effect of magnesium acetate concentration was investigated at the 
following levels, 20 ,  35, 70, and approximately 450 g / l .  A summary of the 
runs made and the resulting data are given in Appendix B. At the highest 
concentration level significant film thicknesses were obtained using current 
densities of 100 and 200 ma/in2 and deposition times of 60 minutes. 
were spotty in coverage. 
especially in the regions of t he  iii&dlk grids used i_n_ the electrodes a re  not 
coated. 
hydroxide to make the electrode resistance measurements. However, the 
electrodes did have an adhering residual film which was insulating when 
measured with an ohmmeter. 
The films 
It appears that the shiny and smooth metallic areas 
Much of the coating is sloughed off when immersed in 31 % potassium 
8 
w A few more coating experiments w i l l  be made during the next quarter on 
electrodes which have been worked through a charge-discharge cycle and also 
on charged electrodes. 
calcium hydroxide coatings, major emphasis in the future coating work wil l  be 
In view of the better overall results obtained with 
I on the calcium hydroxide coatings. 
2. 2 Sterilization Test Results 
The effect of sterilization on the charge -discharge performance over four 
to six complete cycles was determined for  a number of calcium hydroxide coated 
silver electrodes. 
ments described in the previous section of this report. 
were taken at each of the current density levels studied. 
selected had film thicknesses of approximately 2 mils. 
were made with unsterilized coated electrodes. 
electrodes is given in Table 2 -1. 
and other observations a re  given below. 
These electrodes were selected from the coating experi- 
Samples of electrodes 
The electrodes 
Comparative tes ts  
The identification of the 
The details of experimental sequence,results, 
A preliminary sterilization experiment was made with electrodes numbered 
1 and 2 by immersing the electrodes in an open beaker containing 3 1% potas - 
sium hydroxide and allowing the solution to boil. 
with distilled water w a s  made from time to time, however, overnight the 
solution evaporated to dryness. 
2 9  hours. 
period to insure removal of potassium hydroxide residues. 
and resistance measurements showed some decrease. 
these electrodes and then to repeat the sterilization in a bomb to eliminate the 
evaporation of the electrolyte. 
ma/ in  for 30 minutes. 
period of 40 hours. 
Replenishment of the solution 
The total exposure at elevated temperature was 
The electrodes were then soaked: in distilled water for a one week 
Thickness, weight, 
It was decided to recoat 
The coating conditions employed were 200 
2 The electrodes were then sterilized at 145OC for  a 
The electrodes were then assembled into an open flaoded test cell using 
two sintered matrix cadmium counterelectrodes. 
maintained by an open mesh plastic webbing. 
Electrode separation was 
The cells were cycled s ix  times using a constant current charge rate of 
The nominal capacity of one ampere hour was c / 5  and c /2 .5  for discharge. 
obtained for  both electrodes on the fourth cycle and continued for  the fifth and 
sixth cycle when the test w a s  terminated. Charge potentials started at about 
1. 6 volts and increased to 2.  0 volts for  most of the charge period. The dis- 
charge potentials started at 1 . 2  volts and decreased to approximately 0. 9 
volts for most of the discharge cycle. 
The electrodes were resterilized in a bomb for another 40 h u i -  p e r i d  
at 145°C and then returned to the cyclic tests a s  described above. 
trodes yielded their nominal one ampere-hour capacity on the fourth cycle. 
Voltage behavior during charge and discharge was the same as in the f i rs t  
s e t  of cyclic tests. 
Both elec- 
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A check of the electrode-electrolyte resistances w a s  made during the 
c course of the sterilization tests and after the cycling tests. In each case  
electrode resistances increased as a result of sterilization and decreased as 
a result of the cycling. 
creases  as a result of sterilization and some decrease after the cycling tests.  
In part these changes were probably caused by incomplete removal of potassium 
hydroxide adsorbed and dried in the electrodes as  the measurements w e r e  
made. Another known contributing factor was the fact that during the steri l iza- 
tion tes ts  some silica f rom the glass beakers was dissolved in the electrolyte. 
There were corresponding weight and thickness in- 
Point to point surface resistance measurements made during the course 
of and after completion of the tes ts  showed that electrodes were coated with 
an insulating film. Microscopic examinations of the electrodes after the test  
showed that some areas of the electrodes were covered with a relatively thick 
opaque white coating s imilar  to the original coating and other areas  had a 
thinner translucent residual film. 
In sterilizing the remaining electrodes a teflon beaker was used to elimi- 
nate the problem of silica dissolution. 
For the remaining electrodes listed in Table 2 -1 ,  one electrode at each 
coating current density was sterilized for  one period of 40 hours at 145 C.  
These electrodes were then assembled into test  cel ls ,  as  were the correspond- 
ing unsterilized electrodes and cycled as described above. 
0 
The nominal capacity of the unsterilized electrodes developed within two 
or three cycles. 
at 400 and 600 ma/ in2 failed to develop any capacity over the number of cycles 
listed in Table 2-1. 
a capacity of less  than 10% of the nominal one ampere-hour capacity after the 
t h i r d  cycle. 
The sterilized electrodes in the case of electrodes coated 
The sterilized electrode coated at 1000 ma/in2 showed 
The 1000 cps electrode-electrolyte resistance values taken after s ter i l iza-  
tion showed an increase over the value obtained after the coating was made. 
Values of measurements made after cycling in all cases  were less  than the 
values before cycling. However, in  some cases  the values were less  than 
the original uncoated values and in others the values were in between the 
original coated and uncoated values. 
Point to point resistance measurements across  the surface of the elec- 
trodes after the cyclic tests showed the presence of an insulating film on all 
electrodes. 
lower than for the sterilized electrodes. 
In general the unsterilized electrode resistance values w e r e  
Microscopic examinations of the electrodes showed vzriz&ility of the 
thickness, and opacity of the films. Generally the unsterilized electrodes 
showed greater  a reas  of thinner and more translucent fi lms than the steri l ized 
electrodes. 
11 
b 
On the basis of these results it appears that some dissolution o r  loosening 
of the coating in the internal pore structures of the electrodes must occur for 
the electrodes to accept charge and develop capacity. 
Factors which contributed to some of the sterilized electrodes accepting 
An unknown factor 
charge and developing the full capacity while others did not a r e  not clearly 
identifiable from the se t  experiments performed to date. 
is the effect of dissolved silica which occurred in sterilizing the f i rs t  se t  of 
electrodes. 
On the basis of these tests, developing cells capable of withstanding 
Further work is needed to determine the variablilty noted in 
sterilization at 145OC for several  cycles of 40 hours duration appears 
promising. 
charge acceptance. 
12 
. 
\ 
. 3 . 0  PROGRAM FOR NEXT QUARTER 
Ful l  s ize  electrodes w i l l  be coated and the migration of s i lver  w i l l  be 
studied in single electrode and cell experiments. 
wi l l  be modified with coated silver electrodes and put on cyclic charge- 
discharge tests. 
emphasis on coating cycle discharged and charge silver electrodes. 
Some five ampere-hour cells 
Additional process parameter studies wil l  be done with 
1 3  
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Calcium Hydroxide Film Data 
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APPENDIX B 
Magnes ium Hydroxide Film Data 
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